
א ٢٥٤א  
אאא א  

 
  

   

אאאאאא
אא

FFEE

٢٥٤٢٥٤אא
 
 



א ٢٥٤א  
אאא א  

 
  

 

 
 

 ،،אא،אW 
 

  א א א אאאא א א
אא،אאאאאאא

אאאא א
א؛אאאאאא

אאK 
 

 אאאאאאא
  א        ،א אא  

א א אא א  א ، א 
א،אאאא
אאאאאאאאאאאא

אא،אא
אא،אK 

 
  א א   ? א  ?  ?אא א  ?

אאאאאאאK 
 

 אאאאאאא
،א،אאאא

אאאאאK 
 

 ، א אאא
אK 

 
       אאאא



א ٢٥٤  
אא א  

 
  

 

 
  

 אאאאאאא
אKאאאאאאאKא

אאאא
אאאא

אKא
אאאאאאא

אאאKא
אאאאאאא

אאאאאK 
אאאאא

אאא 
אאאאאאאא

K



 

 

٥٥

אא  

אא  




א








١



א ٢٥٤א אא 
אא א א 

 
  

- ١  - 

אאW 
אאאאK 

 
אאW 

אאאW 
١K אאאK 
٢K אאאאK 
٣K אK 

 
אאאW 

אא٩٠٪ 
 

אאW 
 

 
אאW 

١K אאK 
٢K אאאOver head projector 

 
אאW 

אאK 



א ٢٥٤א אא 
אא א א 

 
  

- ٢  - 

א 
אאאאאאא،א

אאאאאא
אאאאאKאאאאא

אאFאEאFאEאFאE،א
א،אאK 

 
 

אHay harvesting  
אאThe mower  

אאא
אאאאאא،אאא

Grain combines אאאK 
אShearing ForceW 

אא
K 

אImpact Force  
אK 

 
אאW 

 
 JאאReceprocating  mower  

אאF١Eאא،אא
אא،אא

Cutter bar א٨}١١}٢٤}٢٧}٢אאא١}٢٤}٢K 
 

 



א ٢٥٤א אא 
אא א א 

 
  

- ٣  - 

 
F١ JEאא 

 
אאאF١ JWE 

אCuter bar W 
אאאאW 

١K אאאouter shoe 
٢K אאאאGrads and ledger plates           
٣K אKnife assembly 
٤K אאאאInner shoe         
٥K אFאE  Knife clipe 
٦K אThe bar 
٧K אא           Wear  plates 
٨K אGrass board and stick 

 



א ٢٥٤א אא 
אא א א 

 
  

- ٤  - 

 

 
F١ JEא 

 
 

١K אKnife assembly 
א،אא

א،אאאא،
אאאאאאאאK

אאאאK
אא،אאאאW 

 FESmoothW 
אאאK 

 אTop-Serrated W 
אא،אאא

אK 
 אBottom- Serrated  
אאK 
 Armored hard-SurfacedW 

אא،אא
אאK 



א ٢٥٤א אא 
אא א א 

 
  

- ٥  - 

אאGradsW 
אא٧٥א،אאא٦٠

٩٠KאW 
١E אאאאK 
٢E אאאK 
٣E אאאK 

אאאאW 
 אאRock Guards   W 

אאאאאאא
אK 

 אאאRegular Guards W 
אאאאאK 

 אאאLipless guards W 
אאאאא،

אKאא
אKאאאאאא

אאא٣LאאאאK 
 אאאTwo-Tined guards W 

אאאאא
אK 

אאאאאאא،א،
אאK 

 
٣K אThe bar W 

אאאאK 
 

٤K אאאאאW 



א ٢٥٤א אא 
אא א א 

 
  

- ٦  - 

אאאאאK 
 
٥K אFאEKnife clipeW 

אאאאאא،
אK 

 
٦K אאWear  platesW 

א،אא
אאא،אK 

 
٧K אGrass board and stickW 

אאאאאאא
אאאאאKאא

אK 
 

אאאאאאאאאאאPTO 
א Pitman אאאK

אאאאאאאאאאא
אאאאאאK 

 
אאאWPrimary mower components  

אא،אאאK
אאאאW 

١E אאMain Frame  
٢E אDrag bar 
٣E אPull bar 
٤E אFאEFloat Spring 
٥E אCutter bar          



א ٢٥٤א אא 
אא א א 

 
  

- ٧  - 

٦E אאPOT          
٧E אאDrive belt or pitman 

 
 
١E אאWMain Frame  

אא،אא
אK 

 
٢E אWDrag bar 

אאאא
אאאאאK 

 
٣E אWPull bar 

אא،א
אאאאא

אKאאאאא
،אאא،אא

אאאאאK 
 

٤E אFאWEFloat Spring 
אאאאא

אK 
 

٥E אאWPOT  
אאאאאK 

 
 



א ٢٥٤א אא 
אא א א 

 
  

- ٨  - 

אאMower attachment  
אאאאאW 

 Trailed  
 Semi-mounted  
 Rear-mounted  
 Side-mounted  

 
١E אאW 
אאאאPTO،אאK 

 
٢E אאW 
אאאא،אאא PTO

אK 
אאאאKא

אאK 
 

٣E אאW 
א،אאא،א

אאK 
 

٤E אאW 
אאא،

אאאאHay conditioners אא
אאאא

אאאKאאאPTOאK 



א ٢٥٤א אא 
אא א א 

 
  

- ٩  - 

W 
אאא١٠ J١٥

אK 
 

אאOperation and adjustments  
אW 

אאאאאאא
אKאאא

אאK 
 

אW 
١E אW 
אאאאאא

אאאK 
 

٢E אW 
אאאא،אא

א١W٥אאKא
אאאW 

אאZאאאxא 
 
٣E אW 
אאאאאאאא،

אאאאאK 
 

٤E אאW 
אאאאאאK 



א ٢٥٤א אא 
אא א א 

 
  

- ١٠ - 

 
אאאאW 

١K אBlade sharpensW 
אאאאאK 
٢K אאW 
אאאK 
٣K אאW 

אאאאא
אK 

٤K אא 
אאאK 



א ٢٥٤א אא 
אא א א 

 
  

- ١١ - 

 
 

 JאאאRotary cutters W 
אאא،אאאא

אאK 
 

אאאW 
KאאאDrum mowers W 

אאאאאאאVK 
KאאDisc mowers W 

אאאאאאאK 
Kאא 
 

אאאW 
אאאאאF٢ J،EאאאאW 

١K א   
٢K Main gear box    
٣K Secondary gear boxes       
٤K FEאSlip clutch 
٥K אאRoter                         
אאDrum        
אDisc 

٦K אאא 
 



א ٢٥٤א אא 
אא א א 

 
  

- ١٢ - 

 
F٢ JEאאאא 

 

 
F٢ JEאאאאא 

 
אFאEאאאאאKאא

٧}١אאאאKאאא
אKאא١٠٠

אאאאK 
אאאאאאK

אאFEאאKאא
٢אאאא

אאאאאK 
 

אאW 
אאאאF٣EאאאאW 

١K אא PTO W 



א ٢٥٤א אא 
אא א א 

 
  

- ١٣ - 

٢K אאDrive belt 
٣K אאDiscs       
٤K אDrag bar  
٥K א  Float spring  
٦K Frame For covering 

 

 
 F٣Eאאא א 

 
אאאאא،

١٤L،אא،
אאFא١٥אאEK 



א ٢٥٤א אא 
אא א א 

 
  

- ١٤ - 

אאW 
אאF٤KEאאא،

אאאאאאאK
אאF٤٣LEאא

אאאאאאK 
אאאא

אKאאאאא
אאאאאאאKאא

٨}١٣K 
אאאאאאFlail mower 

אאאKא
אאא،אא

אאאא
אאK 

אאאFlail mowerאאאאW 
 

 

 
F٤Eאא 

 



א ٢٥٤א אא 
אא א א 

 
  

- ١٥ - 

١K V V-belt drive    
٢K Hydraulic lift        
٣K אAdjustment canopy            
٤K Hay flails         

אאHeight adjustment       



 

 

אאאא  WWiinnddrroowweerrאאRRaakkeess  

אא  




א
א

 W
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dr
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א



R

ak
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٢



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ١٥ - 

אאW 
אאאאאאאאאאאא

אאK 
אאW 

אאW 
١K אאאאאאאאאאK 
٢K אאאאK 
٣K K 
٤K אK 
٥K אK 

 
אאאW 

אא٩٠٪ 
 

אאW 
 

 
אאW 

١K אאK 
٢K אאאOver head projector 

אאW 
אאK 



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ١٦ - 

אאWindrowers  
אאאאאא،אאאא

אKאאאאאאאא،
אאKאאאא

אאא٦}٣٢٧}٤א١}٦K 
 

אאאא،auger 
אאdraper Kאאאauger Platform אא،

אא٥}١،אאא
אאאKאאאאא

Platformdraper אאא
אא،אKאאא

אאK 
 

אאאא  Mechanical 
Hydraulic אאאאאא

אאK 
 



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ١٧ - 

אאWindrower components  
אאאאFאאאEF١EאאאW 

١K אאאMain frame with wheels  
٢K   Rell 
٣K אCutter bar  
٤K אAuger                             
٥K אConditioner                             
٦K אFloat springs                        
٧K אאEngine and drive train   
٨K אOperators platform  

 

 
F١Eאא 

 



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ١٨ - 

אאאאPlatform אא
אא،אFloat 

אאK 



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ١٩ - 

אRakes 
 

אRakes  
אאא

אאKאאאא
אאאאאאא

אאא،אא
אאK 

 
אאאאאאאK

אאאאאא،א
אאאKאאא

Kאאאאא،
אKאאאאאאF٢E

אF٣KE١}٢٦}٣א
K 

 



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ٢٠ - 

 
F٢Eאאא 

 
אאSide- delivery rakes 

אאW 
١K אאאאאParallel bar rakes  
٢K אאאRakes            Wheel 

 
אאאאאParallel bar rakes 

אאאאאKאא
אP.O.TאK 

אאW 
١K Trailed      
٢K Rear mounted   



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ٢١ - 

٣K Front mounted 
 

١K אאW 
אאאא،

א،אאאKאא
אאאאאאא

אאKאאא
א،אאאאF٣KEאא

אאאאאK 

F٣Eאאא 
 

 



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ٢٢ - 

٢K אאW 
אאאא

אאKאאאאא
אKאאאאאאאאK 

 
٣K אאW 

אאאאK
אאאאאFאKE 

 
אאאאא١}٢א٧}٢אK

אאK،
א٤}٦K 

 
אאאאאParallel bar rakes components   

אאאאאאאאאאW 
١K אאK 
٢K אK 
٣K אאאK 
٤K אאאK 
٥K אK 
٦K אK 

 
אאאא،V א

אאאKאאא
Kאא

אKאאאאא
KאKאאא



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ٢٣ - 

א،אאאאאאאא
אאאאאK 

אאאאא،אאא
אאKאאאא

א،אK 
 



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ٢٤ - 

 
אאאWheel rakes  

אאאאאאא
אאאK 

אאא
אKאא

،אאאאא،
אאאאאא

K 
אאאKאא

א،אאא،אא
אאK 

 
 

אאאאTrailed Wheel rakes Components  
אF٤EאאאאW 

١K א 
٢K אא 
٣K א 
٤K א 
٥K א 
٦K א 
٧K א 



א ٢٥٤ אא 
אא א אא WindrowerאRakes

 
 

- ٢٥ - 

 
אאאא،אאא،

אאKאאאאא
א،אאאא

،אאאאא
אK 

אאKא
אאא

אK 

 
F٤Eאאא 



 

 

אאאאאאאאFFאאEE
CCoommbbiinnee  hhaarrvveesstteerrss  

אא  
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א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٢٦ - 

אאW 
אאאאFאEK 

אאW 
אאאW 

١E אאאאK 
٢E אאאאK 
٣E KאK 

 
אאאW 

אא٩٠٪ 
 

אאW 
 

 
אאW 

١ JאאK 
٢ JאאאOver head projector 
 

אאW 
אאK 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٢٧ - 

אאאאFאE 
Combine harvesters 

 
אאאאFאEאK 

אאאאאא
F١KE 

 

 
F١EאFאE 

١K אאWCutting and Feeding  
אW 

 אK 
 אK 
 אK 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٢٨ - 

 אK 
 
٢K אאWThreshing  
W 

 אK 
 אאK 
 אאאK 

 
٣K אWSeparation  

 אK 
 אאK 
 אאאK 

 
٤K אFאאECleaning  

 אאאאK 
 אK 
 K 
 אאK 

 
٥K אאHandling 

 אא 
 אאאK 

 
אאWHarvesting and feeding 

mechanism  
אאאא

אאאאK 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٢٩ - 

אאאאאאF٢WE 
 

 

F٢Eאא 
 
١E אK 
٢E אK 
٣E אK 
٤E אאK 

אאאא،אא
אאאאא،אאאא

אFKE 
 
١E אW 

אאאאאא،
אאאאאKא

٣}٠אL٥}٠ J٦}٠LאK 
אPsא

אPuK 
WPs < Pu                              

    אאW 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٠ - 

( )aHa
EF

P u
u +

= 2

3 
 W 

E WאFN/Cm2E 
FuWאאאא(Cm) 
 HWאא(Cm) 
a Wאאאא(Cm) 

 
אאאPuאא

אאHאaא،
אKאאaא

א،אאK 
אאאKאא

٦}٠L،אאאא
אאK

אאאא١٢LK
א٥}١Lא٥}٢LאK 

 
אאאאאm (kg)

אFאאW 
 

F =    m .a   
= m r ω2 cos ω t    (N)     

W 
r Wאm 
ωWאאאאאt (rad /s) 

 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣١ - 

אP(Watt)    
P = F  .  V 

 
W 

FWאN)E 
VWאFm /sE 

 
W 

P= m r ω2 cos ω t    r sin ω t   (N)      
=  1/2 m r2  ω2  sin 2 ω t        Watt 

 
אא sin 2 ω t  = 1750 Watt

650א WattKאאאאאK 
 
 
٢E אK 

אאאאא
אKאאK 

אאW 
 אאאאאW 

אאא،אאאאאא
אאאא

אאא،אאא
אאא،אאא

אאK 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٢ - 

 אאW 
אאאK

אאאאאאKאא
אאK 

 אאW 
אאאאאא

אאאאאאאKאא
אK 

 
אW 

אאאאא
VrVmאאKאאאVa

אאFאKEאא
אאאK 

אאVrאVm
אאאאK 

אאאFλE 
V mL  Vr=λ 

W 
VrWאאאאFm/sE 

VmWאאFm/sE 
 

אאFλE٥}١ J٧}١א
אא٧}١ J٠}٢א،א

א٢}١ J٥}١א
אאאאאאK



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٣ - 

אא١٠Lאא
אK 

t אאאL1W 
 

L1 =  Vr  t = 2 π R 
 

אSאW 
 

λ
π

λ
Rt 2Vr  

=  S = Vr t = 
W 

RWא(m) 
SWאא(m) 
tWא(S) 

VrWאאאאFm/sE 
VmWאאFm/sE 

אאאאאאאW 

λ
RhLH +−= 

W 
LWאאK 
RWאK 
λWאאאK 
hWאאאK 

 
אאאא

א،אאאאKא
אVא

אאא٢٠א J٥٢L،
אאאK 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٤ - 

٣E אW 
א،אא

אאאKאKאא
אאאאא،א

٦ J٣٥K 
٤E אאW 

אאא،אאאאאK 
אFאEאFאKE

אא" L "אאK
אKאאאא

אא،אאאאאא
،אאאFKE

אאאאFאEאא
א١٥٠±١٠K 

 
٢E אאThreshing mechanism  

אאאא،אאאא
אאאאאאאא،א

אאאאK 
אאאK

אאאאאאאאW 
 אImpact Force  

אFEK 
 אFriction Force  

אFאEאK 
אאאאאאאאאK

אאאאאW 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٥ - 

١E אאאאRasp-bar thresher W 
אאאאאאK 

٢E  אאאSpike-toothW 
אאאK 

אאאאאאא
א،אאאאאK 

אאאאאאאאא،
אאאאאאאא،

אאאאאאאא
אאאאאאא

٧ J١١L،אאא٢٥٣٢Lאאא
אאא٠٥}٠א،א

Kאאאאא
א٩٠אאאאאא،א

אאאאאK 
 

١E אאאאRasp-bar thresher W 
אאאאW 

 אאאFאEThreshing cylinder (drum) 
אאאKאאא

א٦א J٨،אFאאEאאאא
אא،אאאאאא

אא،א
אאאאאאKאא

KאאאאאKאאFKE
אאאאאKאאא٤٠٠ J

٦٥٠١١٠٠ J١٧٥٠K 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٦ - 

 אConcave: 
אאא،

אאFKE 
אאאאאKאא

א٨٠ J١٤٠אאאאאאאא
אא،אאאאאK

אאא،אאא،
אאאא،אאאאאK

אאא٤٥}٠ JK٧٠}٠Kאאאא
אאאKאאאא

אאא،אאא
אאאא،אאאKא

٤٠٠א J٦٠٠،א٦٠ J٨٥٪א،
אאא

אאאK 
 
 
 
٢E אאאW 

אאאW 
 אאאFאEThreshing cylinder (drum) 

אאאאאFאE
א١٢Kאאאאאא٤٥٥ J٦١٠K 

 אConcave W 
אאאא،אF٤ J٦KEא

،אאאאאא
אKאאא



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٧ - 

אאאFKEאאאא
אאאא،א٩٢Kאאאא

אאאאאא
א،אאאK

٣٠L،א،אאאאאא
אאאאK 

 
אאאאאאאא١٤ J٢٤

٢א J١٢Kא١٠Kאאא
אאאאK 

אאאאאK 
אאאאW 

אאאאאאאאאא
אא١٠٠٠ J١٢٠٠Lאא٤٠٠ J٦٠٠Lא

אאאאא١٢א J١٧K٪
Kאאאאאאאא 

 
 

א 
אאL 

אאא אאא
–– ٣٠ J٢٣ ٢٨ J٣٠ 

 J J Jא٥}١٤ ٥}١٠ J٥}١١ 
  J ٢١ J٢٣ 
  J ٢٥ J٢٧ 

 ٢٨ J٣٠ ٢٨ 
א ١٤ J٧}١٥  J 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٨ - 

אאW 
אאאאאאאאא

אאאאאKאאא
אאאאאאKאאא

אאא،
אאאאאאאK

אאאאאא،אא
אאאאאאאK

אאאK 
 
٣E אCrop separation  

אאאאאאאא
אאKאאאאK

אאאאאאKא٩٠٪א
אאK 

 
 

אBeater 
אאאא،אא،

אא،אאאאא
אאK 

אאW 
 אאאWing type beater         
 אאאאDrum type beater with removable wings  
 אאאאDrum type beater with teeth             
 אאאאDrum type beater with non- removable 

wings 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٣٩ - 

 
אאW 

١E אאאאאאK 
٢E אאאאK 

אאאאאא
אKאאאא

אאאאאKאא
אאאאKאא

אאאK 
 

אאStraw walker  
אאאאאאאK

אאאאא،אאאאא
א،אאאאאאאאאאא

אאאKאאא،
אKאאאאK٣٥

אאאKאא٩٠١٢٠א
אKאאאא

אKאאאאאא
אאאאאKאא

אאאאאאא،אא
אאאאKאאאא

אאאאאאאאKא
אאא،אאאK

אאאאאאאאא
אK 

 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٤٠ - 

אאW 
אאא،אא

אאא،אאאאK 
אאאאאא،

אאאאK
אא١٥٠א J٢٥٠אKא

אאאKאאאאא
אא،אא

אאאאאאK
אאאאאאא،אK 

אאאאאאא
אאFωEאאאK 

W 
 

 grN
>⎟

⎠
⎞

⎜
⎝
⎛

2

60
2π ω2 r > g  or    

אאאW 

r
gN

π
30

> 
W 

NWאאאFrpmE 
rWאא(m) 
gWאא(m/s) 

 
אאא٢٨٦ J٣٦٤אK 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٤١ - 

 
٤E א:Crop cleaning   

אאאאאא
אאאאא،א

אW 
 אאGravity feed  
 אאאConveyor belts or chains  
 אאMultiple augers  
 אאReciprocating grain pan  

אאאאאאאא
א،אאאאאאאאאא

אאK 
אאאאאאא

א،אאאאא،א
אאאאאאKאא

אאאאאאא،
אאאאאאאא

אK 
אאאא،אא

אאאאאא،א
אאאאאאאא

אK 
אאאאאא

אאאאאאא
אאא،אאאא

אאאK 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٤٢ - 

אCleaning mechanism  
אאאאאאאא،

אאאאאאKא
אאא،אאא

אW 
 אFan                                  
 אאChaffer  
 אSieve                        

אאאא
אK 

אאCleaning Fan W 
אאאאKאאא

אאאאאKאא٢٥٠ J٢٥٠٠
LאאאאKאא

KאאאW 
 

 אShutters  
 אWind boards  
 אFan speed  

 
אאאאK 

 
אCleaning Shoe W 
 

אאאאאא
אאKאאאK 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٤٣ - 

אאאא،אאאאא
KאאW 

 Reciprocating  
 Shaking      
 Cascading  

אאאאא،אא
אאאאאאא

K 
 

אאChaffer: 
אאא

אאKאאאאאא،
אאאאאאK

אאKאא
אK 

אאאאאאאא
אאאאאאא

אאאאאאFאאאEאאK
אאאאאאאאאא

אאא،אאאא
אK 

 
אאSieves 

אאאאאאאK
אאא،אאאאK

אאאאא٥}٢٣}١٤אK
Kאאאאאאאאא



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٤٤ - 

אאאאKאאאאאא
אאאKאאא

אאK 
٥E אאFאאECrop handling W 

אאא،אא،א
אא،אאאאKאאא

אאאאKאא
W 
١E אאאLower clean grain auger    
٢E אאclean grain loading                 
٣E אאGrain tank loading elevator  
٤E אאאW 

 lower tailing auger                  
 אTailing elevator                
 Upper Tailing elevator                   

٥E אאGrain tank  
٦E אאGrain tank unloading auger  

אאאאאא
אאאא،אאאKא

א١٠٥}١٠٥א٦}٧ J٧}١٢Kא
אאאאא١٠٧LKא

אאKאאאאאא
אאאאא

אא،א،Kאא
אאאK 

אאא،K
אאאKאאא٣ J١١٣



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٤٥ - 

אKאאאא
אאKאאאאW 

 אאאאK 
 אאאK 
 אאאא

אK 
אאאאאא،א

אאא
אאKאא٥}٣٠

אאאאאא٧٣
K 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٤٦ - 

א  
אאאKא

אF٤Eאא
FאEאאאאאאא

אK 
 

אאW 
 

١K אאאW 
אאאאK 
٢K אאW 

אאאאK 
٣K אאW 

אאאאFEאא
אאאF٣EK 

 


F٣Eאאא 

 
 



א ٢٥٤א אא 
אא א אאאאFאE

Combine harvesters 
 

 

- ٤٧ - 

אאאKאאא
א،אאאאא

אאא
אאאאK 

אא،אא
אאאאאאK 

 
אאאF٤Eאאאא

אאאאאאFאEא
אK 


F٤Eאאא 

 



 

 

אא  

אא  




א










٤



א ٢٥٤א אאא 
אא א א 

 
 

- ٤٨ - 

אאW 
אאאאאK 

אאW 
אאאW 

١K אאאאK 
٢K אK 
٣K K 
٤K אK 
٥K אK 

 
אאאW 

אא٩٠٪ 
 

אאW 
 

 
אאW 

١K אאK 
٢K אאאOver head projector 

אאW 
אאK 



א ٢٥٤א אאא 
אא א א 

 
 

- ٤٩ - 

W 
אאאאאאאאKא

אאKאאאאא
אאא
אאא

אK 
 

١K אאW 
אאאא

אאא
אאאאאא

אאאא،
אאאK 

 
K  אW 

אF١Eאא
אאאא

אאאאKאא
אאאאא

אאאאאא
אאK 

 
 

 



א ٢٥٤א אאא 
אא א א 

 
 

- ٥٠ - 

 
F١Eא 

 
אאאאאאא

אאאאאאא
אאאאא

אK 
אאאא

FאאאאE
אאאאאא

אאאאאאא٢אL
אאאא٢}٠אLאK 

אאאאאאאאא
אאאאאאאאא

١٦٪אאאאא
אאאאW 

 
 אאאא

אאאאאאא
אאאאאK 

 אאאאאאאK 
 אאאאאאאא

אK 



א ٢٥٤א אאא 
אא א א 

 
 

- ٥١ - 

אאאאאאאW 
 

אאאאFאאEאא

א
א ١٥ J٣٠ ٨ J١٢ 
א ١٠ J٢٠ ٢٥ J٤٠

א
א ١٥ J٢٥ ٨ J١٢ 
א ١٠ J٢٠ ٣٥ J٤٠

אא ٢٠ J٣٥ ٥٠ J٧٥

א
א ٦}١ J٦ ١٠٠ J١٢٥
א ١٠ J١٥ ١٢ J١٦

א
א ١٥ J٢٥ ٨ J١٢ 
א ١٥ J٢٠ ٨ J١٢ 

א
א ١٥ J٢٥ ١٠ J١٤
א ١٥ J٢٠ ٢٥ J٤٠

 
אאא

אאאאא
F٢KE 

אאאאאא
אאא١٨אא

٧٢אאK 
 

אאאאא
אאאאאא

אאאאKאא
אאאK 



א ٢٥٤א אאא 
אא א א 

 
 

- ٥٢ - 

א٧Fא١٢E
אאאא١٥אאא

אאאא
אאאא١٥אאאא

١٥אאאאא
אFאאEא–

אא١٢٥٦ J٨אאאאK
אאאאאאא

אKאא
٢١Fא٢١Eא

אאאאאאאא
אאאאא٣٥

Kאאאאאא
אFאאאEאאאא

אאאאאאא
אאאאאאאא

אאאאאאאא
אא٨٪אא

אF٩٢E٪אFKE 
 

K  אאאאW 
אאאאאא
אאאאאאאא

אאאאא
אאK 

אאאאא٦٠אאא
٩٠אאאאא،



א ٢٥٤א אאא 
אא א א 

 
 

- ٥٣ - 

אאא٦٠א J٨٠אאאא
א٤٠ J٧٠LK 

אאאאאאאאאא
אאFאאאאא

אאאE
אאאאאאאאא

אKאאאאא
אאK 

אאאאאא
אאאאאאאאא

אאאאאאא
אאK 

אאאאאאאאא
אאאאא

אאKאאאאא
אא٤}٠Lא

אK 
 

٢K אאאW 
אאאא

אאאאK 
 

KאאW 
אאאאאאא

אאאאאאאא
אאאאא

KEאאFאאאאאא 



א ٢٥٤א אאא 
אא א א 

 
 

- ٥٤ - 

KאאאF٤WE 
אאF٣Eא

١١٠ J١٥٠אאאאאא
אאאא
אאאאאא

אאאאא
١ J٥Lאא٦٥٠ J٩٥٠אLאא

٣٨LK 
 

 

 
F٣Eא 

 



א ٢٥٤א אאא 
אא א א 

 
 

- ٥٥ - 

 

 
F٤Eא 

 
٣K אW 

אאאא
אאאאאאא

אK 
אאאאא

א،אאאאK 
 

אאאאאאאK
אא

אאK 
 

אאאW 
١K אאאא

אK 



א ٢٥٤א אאא 
אא א א 

 
 

- ٥٦ - 

٢K אאאאאא
אK 

٣K אאאאאא
אK 

٤K אא
אאאאא

אאאאאאא
אאאאK 

٥K אאאאאאK 
٦K אאאאאאא

אאK 
 
 

 



א ٢٥٤א אאא 
אא א א 

 
 

- ٥٧ - 

א 
אאאא

אאאאאא
אאאאאאF٥E

אאFאEאאK
אאאא
אאאKא

אK 

F٥Eא 
 

 



א ٢٥٤א אאא 
אא א א 

 
 

- ٥٨ - 

אW 
אאאאW 

١E אאK 
٢E אאאאאא

אאK 
אאאא

אאאK 
٣E אאאאא

אאאאאאאא
אK 

٤E אאאאא
אK 

٥E אאאאאאא
אאאאאא

אאאK 



 

 

אאאא  
RRoooott  hhaarrvveessttiinngg  mmaacchhiinneerryy  

  אא




א


א





 
R

oo
t h

ar
ve

st
in

g 
m

ac
hi

ne
ry




٥



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٥٩ - 

אאW 
אאאאK 

אאW 
אאאW 

١E אאאאK 
٢E אK 
٣E אK 

 
אאאW 

אא٩٠٪ 
 

אאW 
٥ 

 
אאW 

١ JאאK 
٢ JאאאOver head projector 
 

אאW 
אאK 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٠ - 

אא،אאאאא
אKKKKKאK 

אKאאא
אאאK 

אאאאאא
אאאאא،

אאאאאאK
אאאK

אאאאא
אKאאאאא

אK 
אאאאאאאא،

אאא
Kאאאא

אK 
אאאאאאא

אאאאא،אא
אKאKא

אאאאאא،א
אאאאא،אאא

אאאK 
אאא Damage index "DI" 

אאא
אאאאאאאאW 

 
ServerePeelerScuffedDI %7%3%1 ×+×+×= 

 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦١ - 

W 
DIWאDamage index 

% Scuffed WאאאK 
%    Peeler WאאאK 
%   Severe WאאאK 

 
אאאאW 

 

א٣٠٠אFאE

٢٠٠ J٣٠٠א 
١٥٠ J٢٠٠ 
١٠٠ J١٥٠ 

٥٠אFאE 

 
אאאאא

W 
١E אאK 
٢E אאK 
٣E אאאFאאEאאK 
٤E אאאK 
٥E אאאK 

 
אאאאK

אאאאאא
אאאאא

Kא



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٢ - 

אאאאאאא
אאK 

אאאאFאאE
אאאאאאאK 

אאFE
אאKאאF

Eאאאאאא Jא
אאא

אאאאאK 
 

אאאאאא
אאאא–

אאאאאאאF
EK 

 
אאW 

١K אאאPotato digger with fixed combs    
אאאKאW 

 א 
  
 א 
 א 
  
 אK 

אא،אאאאאK 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٣ - 

 
٢K אאאאPotato digger with rotating combs  

אאאא،א
אאF١KE 

אW 
iK  
iiK אאא 
iiiK א 
ivK  
vK אאאאPTO 

 
אאאאKא

א،אאאא
אאאאPTOK 

 

 
F١Eאא 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٤ - 

٣K אאPotato Spinner  
אאא،אא

אאאK 
אאאאאא

Kאאאאא
אאK

א،אאאא
KאPTOאKאא

אאK 
אאאא

אאאא
אאאאאא

אאKאאאאא
אאאאKא

FEאאאK 
אאאאאאאא

אK 
אאאאאK 

אא
FEאK 

 
אאאאאאאא

אאאKאאאאא
אאאאאK 

 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٥ - 

אW 
 אאW 

אאא
אKאאאאאא

אאFאאאא
Eאאאאאאא

Kאאאאאאאאאא
אאאאאא،אא

אאאאאא،
אאאאא

אאאאK 
 

 אW 
אאאאאאאא

אאאאא
אאאאK 

 
 אW 

אא
אאאא

אאאאאאאא
אאK 

אאא
אאאאאא

،אאFאאאאEא،
אאאאאאא

אאאאK 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٦ - 

 אאאאFאWE 
אאאאא

אאא،אא
אאאא

אאKאאאאאאא
אאאאאאאאאאא

אאK 
 

 אW 
אאאא

אאא
אאאאK 

 
٤K אElevator potato digger     

אF٢E
אאא،א

אאאK
אאא،אאK

אאאאאK 
אאאאאאא

אאאKאאאא
אאאאK 

 
 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٧ - 

 
F٢Eא 

 
אאאאאKאא

אאאאאאאK 
אאא

אאאאא
אאאא

F٣KE 

 
F٣Eאא 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٨ - 

 
אאאאאאאא

אאאKאאאאא
אאאאK 

אאאאK 
אאאאאא J

אאאאאאאאא
 Jאאא

אאאאאאK 
אאאאאאאאא

אאאאאאK 
 

אW 
١E אאאאK 
٢E אאFE

אאאאאא
אאאאאאאKא

אאאאא
אאאאאאאא

אא،אאאאאא
אאאאאאא

אאאאאK 
 

٥KאאW 
אאאF٤Eאאא

אK 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٦٩ - 

אאאאאא
אאאאאאא

אאאKאאאא
אאאא

،א٢א J٧א
אאאאאKאאאW 

 

F٤E 
 

١E א 
٢E אאאא 
٣E אאא 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٧٠ - 

٤E אאאאK
אאאאאאאא

K 
אאאאאK 

אאאא
אאאאא

אאאא
אאאאאאKא

אאאאאאא
אאאFאEאא

אאK 
אאאאאאא

אאא
אאאא

אאאK 
אאאאא

אאאאK 
 



א ٢٥٤א אא 
אא א אא 

Root harvesting machinery
 
  

- ٧١ - 

אW 
 אאW 

١E אאאאא
אאאא

אK 
٢E אאאאאא

אאאאאאא
אK 

 
 
 

 אW 
١E אאK 
٢E אאאאאא 
٣E אא 
٤E אאאK 

 



א لزا ٢٥٤אא 
אא א  

 
 

- ٧٢ - 

אא 
  

אא א 
 

 
אאאFE 

 

K 
Kא 
Kא 
Kאאא 

 
אאא 

 
K 

  
  

אא א 
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א لزا ٢٥٤א 
אא א  

 
 

 

א 
  

אא 
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אא 
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אא 
אאאאFאKKKKKKKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٦–٤٧ 

 
אאא 

אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٤٨–٥٨ 
 
 

אא 
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